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Total utilization of our harvested timber is increasingly important. 
Residues which were once wasted and expensive to remove o r  destroy a r e  
now major sources of income. Slabs and edgings in the sawmill industry 
a r e  an example. Although several studies have dealt with the volume of 
these residues, most, i f  not all, involved measurement of the outturn at 
the sawmill. An estimate of the portion of a log that goes into slabs and 
edgings, a s  well a s  kerf, can also be obtained directly from some of the 
log rule formulae. This paper illustrates how the International and 
Scribner Log Rule formulae can be used to estimate the volumes of 
slabs, edging, and kerf in saw logs, a s  well a s  1-inch boards. 

For forest managers primarily interested in the estimated volumes 
of these components according to the two log rules, tables of component 
volumes for various log lengths appear on pages 9 through 14, These 
tables a r e  discussed on page 8 .  For those interested in the methods of 
deriving these tables, the equations from which the tables were generated 
a r e  presented and discussed in the following sections on pages 1 
through 8. 

THE INTERNATIONAL LOG RULE 

The International Rule allows a 2-inch taper in a 16-foot log. In- 
creased lumber output resulting from log taper is accounted for by com- 
puting volumes in 4-foot sections and assuming a 112-inch increase in 
small-end diameter for each 4 feet of log length. The rule t rea ts  the 
4-foot bolt a s  a cylinder with a volume in cubic feet of 

where D is the scaling diameter in inches. At 12 board feet per cubic 
foot, the total volume of the cylinder in board feet becomes 



A portion of this total volume is lost in slabs, edgings, and saw 
kerf.  lark,' developer of the International Rule, also made an allow- 
ance for shrinkage. For each 1 -inch board, he allowed 1/8 inch for kerf 
and 1/ 16 inch for shrinkage, Thus, the total thickness needed for each 
1 -inch green board is 1 + I/ 8 + 1/ 16 inch, o r  19/ 16 inches. Of this total, 
16/19 is saved a s  boards, slabs, and edgings. He therefore adjusted 
equation (2)  for the loss to kerf and shrinkage a s  follows: 

Clark determined that the volume in slabs and edgings was propor- 
tional to the surface of the cylinder. This relationship meant that a con- 
stant could be developed which, when multiplied by diameter, would 
account for these residues. He determined this constant in t e rms  of 
board feet to be 0.71 for white pine logs. On the assumption that this con- 
stant is applicable to other species, he derived a formula for lumber vol- 
ume of a 4-foot bolt on the basis of a I/ 8-inch kerf: 

Because many mills use a 1/4-inch saw, Bruce and Schumacher' 
adjusted equation (3)  for the larger  kerf. Their allowance for each board 
was 1 + $/I 6 + 4/16 inch, o r  2 111 6 inches, and 16/22 1 (the amount left af- 
t e r  the a:lo'vvance for kerf and shrinkage) is 90,413 percent of 16/19 (the 
remainder after the kerf and shrinkage allowance for a 1/8-inch kerf). 
From this computation, they derived a new equation for lumber volume 
in board feet on the basis of a lf4-inch kerf: 

When only the board foot content is considered, the adjustment ap- 
plied to equation (4)  is logically sound. However, a s  we sought to develop 
equations for measuring kerf and slab- edging volumes, we observed that 
the Bruce-Schumacher technique for converting to the 114-inch rule ad- 
justed only the board foot allowance for the additional kerf produced by 
the 114-inch saw. Clark, in developing the 1/8-inch rule, adjusted the en- 
t i r e  bolt volume for loss to kerf and shrinkage, Although Bruce and 
Schumacher make no comment about measuring kerf and slab-edging vol- 
umes, it seems evident from their adjustment that they were not con- 
cerned with estimating these values, and, further, that their adjustme& im- 
p s e s  the propsi t ion  that slab-edging volume varies with kerf width, Para- 
doxically, i% the adjustment for the 114-inch kerf i s  applied to the entire 
bolt volume instead of  only to lumber vo%ume as in equation (41, we  would 
have to a d o d  the premise that loss to slabs and edging is the same re-  
gardless of kerf width. Because the actual differences hetween the two 
approaches are relatively minor and we have no hard evidence on vari- 

~ l a r ~ ,  Judson F .  The measurement cl sa-t logs. For, &, 14(2): 79-93, 1906. 

"Bruce, Donaid, and Schurnackcr.  F ranc i s  X .  Fcirest Mensura t ion .  Ed .  3 ,  134 pp. :";1z4 

York: McGrai4,--T-illi Book C G ,  , lac. 1953. 



ation in slab-edging volume in relation to kerf width, our model is de- 
signed to accommodate both Clark 's  1/8-inch kerf and Bruce and 
Schumacher' s 114-inch kerf. 

Through the introduction of the parameter 8 ,  equations (3) and (4) 
for lumber volume can be generalized and expressed in cubic feet a s  

where 

@ = the number of l/l6-inch units needed to produce a 1-inch 
board when kerf and shrinkage a r e  considered 

and 

The Y coefficient is simply Clark 's  slab- edging coefficient converted to 
cubic feet,that is ,  

Equations ( 3 ) ,  (4), and (5) were derived by using a cylindrical log 
model. To establish estimates of kerf and slab-edging volumes, we must 
consider the difference in volume between a frustum of a cone and a 
cylinder with the same diameter a s  that of the small  end of the f r ~ s t u m . ~  
The cubic foot volume of a 4-foot-long cone frustum is 

where T (taper) represents the difference in inches between the end di- 
ameters of the cone frustum. The volume in addition to the cylinder is 
then the difference between equation (6) and equation (I) ,  o r  

The unadjusted slab-edging volume in cubic feet is given a s  YD; 
hence, this residue volume for the cone frustum then becomes 

' ~ k e r e  may be debate a s  t o  whether a f rus tum of a cone r ep re sen t s  a log, but C i a r k ' s  
specification of a constant i nc r ea se  in d lameter  per 4-foot Increase  in the  cylinder length Implies 
such a geornetrlc form. 



16 where - is that portion of Vd not attributable to kerf o r  shrinkage. 
13 

The kerf volume produced when sawing the cone frustum can be 
calculated in cubic feet according to the generalized equation (5) a s  

w h e r e  cr is a parameter representing the number of l/l6-inch units al- 
lowed for shrinkage. 

To account for the remaining bolt volume, shrinkage can be cal- 
culated in cubic feet a s  

Equations (5), (8), (9), and (10) account for the entire cubic volume 
of a 4-foot-long frustum of a cone. To produce volume estimates of the 
four quantities for logs of varying lengths, an appropriate number of 
4-foot units (plus, in some cases, a fraction of a unit) must be summed, 
with the summation allowing for a uniform increase in the scaling di- 
ameter for each additional section. m e  following equations result: 



.J 

and 

where LVA = board foot volume expressed in cubic feet, 

~~k = saw kerf volume in cubic feet, 

V = slab-edging volume (chip volume) in cubic feet, 
L s e  

V = shrinkagevolumeincubicfeet, 
L sh 

L = log length in feet, 

= number of complete 4-foot bolts (i.e., the integer part 
of L / 4 ) ,  

and al l  other parameters a r e  a s  previously defined. The method of de- 
riving equations ( l l ) ,  (12), (13), and (14) is presented in the appendix. 
To produce board foot estimates of lumber volume, equation (11) should 
be multiplied by 12 .  

It should be remembered that equations ( l l ) ,  (12), (13), and (14) 
a r e  based on the following assumptions: 

(A) All component volumes a r e  based on 4-foot-long sections and 
log volumes a r e  obtained by- adding an appropriate number of 
sections plus a fraction of a 4-foot section when log lengths 
a r e  not multiples of 4, 



(B) the geometric shape of the 4-foot sections is a frustum of 
a cone, 

(C) kerf and shrinkage volumes a r e  proportional to bolt volume, 

(I)) the slab-edging volume is proportional to log circumference, 
o r  scaling diameter, and Clarkt s constant (0.7 1) developed 
for  sawing white pine logs is applicable to other species. 

AS an example of how equations ( l l ) ,  (12), (13), and (14) can be 
used, consider equation (1 1) and the parameter values 

L = 4 feet,  

6 = twenty-one l/l6-inch units per board, 

r\ = 1 complete 4-foot section, and 

T = 0.5 inch of taper per 4 feet of log length (equivalent to 
2-inch taper for 16-foot log). 

Substituting these values into equation (1 1) and multiplying by 12 yields 
the equation for lumber volume in board feet for a 114-inch kerf and a 
4-foot bolt a s  given by Bruce and Schumacher (see equation (4)): 

Equations for estimating the volumes of saw kerf, slabs and edging, and 
shrinkage can be similarly developed from equations (12), (13), and (14). 
Implicit in all  of these equations a r e  the assumptions that the lumber 
product consists only of 1-inch boards and that u equals one 1116-inch 
unit per board. Additional modification of equations (1 1) through (14) 
can be made to allow for variable board thickness and the scant sawing 
practices of today. 

THE SGRIBMER LOG RULE 

The Scribner Log Rule is based on diagrams of circles, with a 114- 
inch kerf allowance for each 1-inch board plotted. In the constructicsn of 
the rule, no taper was recognized, that is ,  the log was considered to be 
a 16-foot cylinder with a diameter equal to that of the small end of the log. 
The board foot contents of logs of the same diameter are ,  therefore, di-  
rectly proportional. Lo log length. 

Although in the construction of the rule no thought was given to  
curve form and i t s  relationship ts  volume, pbtted Scribner values de- 
fine a parabolic curvee4 Using the method of least squares, Bruce and 
Schumacher fitted a curve to the Scribner values and produced the fol- 
lowing equation for estimating the volume of a 16-foot log in board feet: 

" Bruce and Schumacher, loc, cit .  - -  



where D equals the scaling diameter. 

Although values calculat ed from this equation deviate slightly from 
the original Scribner volumes for a 16-foot log, over a wide range the 
deviations a r e  no greater than those produced by rounding the original 
Scribner values to the nearest 10 feet to produce the Decimal C Rule, 

Because board foot content is directly proportional to length under 
the Scribner Rule, it is legitimate to reduce equation (16) to the volume 
for a 1-foot section in cubic feet: 

Therefore, the equation for the lumber volume of an L-foot-long log 
in cubic feet is 

The cubic foot volume for an L-foot-long frustum is 

where 8 equals the difference in diameter between the ends of any 1-foot 
section of a frustum and by definition is constant for any of these sections. 

If we consider kerf to be proportional to bolt volume a s  with the 
International Rule, we have for the cubic foot volume of kerf resulting 
from sawing the frustum 

where al l  parameters a r e  a s  previously defined. Added to the above 
quantity is an allowance for kerf produced when the boards a r e  edged. 
This additional kerf is obviously a function of the number of boards sawn. 
The approximate number of boards produced (b) is equal to the ratio of 
wood going to lumber (0.8) times the width. between the slabs on opposite 
sides of the log, where both slabs a re  such that the last pass of the saw 
produces a board of the acceptable minimum width (wm = 4): 



Multiplying the estimated number of boards (b) by the kerf volume from 
each board and adding th is  quantity to  equation (20) produces the est imate 
for the total  volume of kerf in  cubic feet: 

Subtracting the lumber and kerf volumes f rom the frustum volume 
produces the slab-edging volume in cubic feet: 

As with the International Rule, the Scribner Rule can be adapted t o  vary- 
ing degrees of taper .  

VOLUMES O F  SAiV-LOG RESIDUES 

The volumes of saw-log residues a s  determined by the equations 
derived f r o m  the International and Scribner Rules can be directly com- 
pared by r e fe r r ing  to  tables  1 and 2 .  A taper  increase of 0.5 inch per 
4 feet of log length was used with each log rule .  The relative volumes 
vary according to the length of log produced. This variation resu l t s  be- 
cause the International Rule for  calculating board foot volume allows for 
an  increase in diarneter with each 4-foot increase in  log length whereas 
the Scribner Rule rnakes no allowance for such an increase.  Thus, the 
proportion of the log volume converted to lumber increases  with log 
length by the International Rule but decreases  by the Scribner Rule. Con- 
sequently, the percentage of the log volume going into s labs  and edgings 
decreases  slightly with log length by the International Rule butt increases  
by the Scribner Rule. The same relationships of course  apply to  slab- 
edging volumes per thousand board feet. With both the International and 
Scribner Rules, however, the percentage of the log volume going to kerf 
var ies  only slightly with log length, 



Table 1. - -Vo i~rnes  of iurnaer, kerf, skrrnhage and slabs a?d edging for varlous log ier~glhs as deterv-ilfied by ti-e 
Imrernatiorral 114-Inch L o g  Ftiliei 

8-FOOT LOG 

I I 
Diameter 1 I 

1 Lumber Kerf 1 Shrinkage 1 Slab-edgi;ig 1 Siah-edgingl1, 000 
(inches) ; boara feet 

1 I 

Board - 
fee: - 

3 
12 
17 
2 2 
29 
36 
44 
5 3 
6 3 
7 3 
84 
9 7 
109 
123 
13d 
153 
169 
186 
203 
222 
24 1 
261 
282 
3 04 
32 6 

Cubic - 
feet - 

0.63 
.97 

1.38 
1 .a6 
2.40 
3.01 
3.68 
4.42 
5.23 
6.10 
7.04 
8.05 
9.12 
10.26 
11.47 
12.74 
14.08 
15 -48 
16.96 
18.49 
20.10 
21.77 
23.51 
25.31 
27.18 

Percent 
of total 

33.0 
38.2 
42.3 
4.5 .5 
" 3  " 
1 ./ 
50.3 
52.2 
53.7 
55.1 
56.3 
57.3 
38.3 
59.1 
59.9 
60.5 
61.1 
61.7 
62.2 
62.7 
63.1 
63.5 
63.9 
64.2 
64.6 
64.9 

Guaic Percent C u h ~ c  - - - 
feet oS total - - feet - 
0.23 . C 

.d 2 0.03 
40 15.7 1 2  

5 3  16.1 .?6 
.67 16.4 .19 
.33 16.6 2 4 

1 .Ol 16.9 .23 
1.20 17.0 .34 
1.41 17.2 .30 
1 .h4 17.3 .4 5 
1 .dB 17.4 .52 
2.15 17.5 5 6 
2.43 17.6 .66 
2.73 17.7 .73 
3.W 17.7 .82 
3.37 17.8 9 0 
3.72 17.9 .09 
4.09 17.9 1.09 
4.47 18.6 1.19 
4.87 18.0 1.29 
5.29 18.0 1.40 
5 72 18.1 121 
6.17 18.1 1.62 
6.64 18.1 1.74 
7.13 18.2 1 .a7 
7.63 18.2 2.00 

Percent 
of iO131 

4 .a 
4 a 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
3 .R 
4.8 
4.8 
4.8 
4 .8 
4 .a 
4.6 
4.8 
4.8 
4.0 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 

Cubic Perceai. 
P - 
feet2 of tot-? - 

Cub~c - 
feet - 

115.11 
36.57 
69.35 
57.84 
49.6i 
43.42 
38.61 
34 .;5 
3 1.69 
28.97 
26.74 
24.83 
23.18 
21.73 
20.45 
1%32 
18.30 
17.38 
16.56 
15.80 
15.12 
14.49 
13.91 
13.37 
12.88 

continued 

See footnotes i t  end of table. 



Table I .  --Volumes of lum.oer, kerf ,  shrinkage, and s labs  and edgrng for various log lengths as aeterrnined by the  
1nternat.tloml 1/4-Inch Log Ftulei (fcontinueii) 

12-EQOT M G  

Diameter j Lumber Kerf Slab- edgrng 
[ Slab-edging; 1,060 

(~nches)  1 1 I board feet 

B a r d  P e r  Percent Percent C Percent Cdbic - 
feet feet of total feet of total feet of total feet" of total - feet 

continued 
See footnotes at end of table. 



Table I .  --Volumes of luxiber, kerf, sh r~nkage ,  an6 s l abs  and edgrng for  var ious log lengths a s  deterrnlned by the 
Internatitaonai 14-Inch Log ~ u l e '  (cantmnedj 

16-FOOT LX)C 

I I I 
DraTerer 1 i Shrrnkage Slat - eaging 3 

Slab-edging 11 000 

(inches) 1 Lkr'lier 1 Kerf 
! board feet 

I 

Board Cub:c Percent  Cubic Percent  Cubic, Percent  _ _ _ - -  - - - - Cubic Percent  
P - 

feet ieet of total  feeL of total  - - -  feet of total - - feet2 of rota: - 
Cubic - 

feet - 

Note The percentapcs of total volume for the  varrous components at each diameter  do not total  100 because a 3-inch t r i m  ailow- 
ance was Included on all log 1 ~ c g t h s  %hen calculatlnp slab-edging and kerf voiurnes but omrtted when calculating board foot volumes. The 
la t ter  a lso deviate slightly In some rnstances, f rom pub l i sh~d  values because some coefficients s e r e  not rounded at the same  pvlnts a s  In 
the o r ~ g m a l  rule .  

The component vaiiies can  be calculated for any deslred diameter  and log length 
'when the J a b  volume 1s converted to  chlps by chrpping head-rrgs, tbese est imates  should be increased by 19 percent and the kerf  

es t imates  reduced by the calculated amount. 



Table 2 .  --Volornes of iumeer  kerf, ana slabs and eclging for  r-arlous log length as det~rmined 
by t h e  Sirribner 114-Inch Log Rule1 

8 - F O O T  LOG 

D ~ z r ~ e t e r  1 
( inches)  

Lumber Kerf Slab -edging 1 $?ab-edglng/1,000 
: bozrd feet 

Board 
feet 

b 
:0 
15 
2 1 
27 
35 
4 3 
52 
61 
72 
81 
9 5 
roe 
122 
136 
l5i 
167 
184 
2 02 
220 
239 
259 
280 
301 
324 

Cubic 
feet - 
0.51 
.SS 
1.27 
1.74 
2.29 
2.90 
3 ,7; 

4.31 
3.12 
5.99 
6.93 
7.93 
9.00 
10.11 
11 '34 
12.60 
13.94 
15.34 
16.80 
18.33 
13.93 
2 1.59 
23.32 
25.11 
26.97 

P r r c e ~ t  
of total  

26.7 
33.6 
38.8 
42.8 
45.9 
48.5 
50.6 
32.4 
54.0 
55.3 
56.4 
37.4 
58.3 
39.1 
59.9 
60.5 
61.1 
61.6 
62.1 
62.6 
63.0 
63.4 
63.7 
64.1 
63.4 

Cubrc 
Eeer - 
13.40 
.64 
.81 

1 .00 
121 
1.43 
1.67 
1.9 3 
2 20 
2.50 
2.8: 
3.i4 
3.49 
3.8~ 
4.24 
4.64 
5.06 
i 50 
5.93 
6.43 
6.92 
7.43 
7.95 
8.50 
9.06 

Perf erit 
of t0 i - r  

25 4 
23.2 
24.9 
24.5 
24 .2 
2 3 . 9  
23.7 
23.4 
23.2 
2 3  1 
22.9 
22.7 
22.6 
22 '-1 
22.4 
22.3 
r2 .Z 
22.1 
22.0 
2 1.9 
21.9 
21.8 
21.7 
21.7 
21.6 

Percent  
of tota, 

47.1 
40.1 
'35.1 
31.4 
28.4 
26.0 
24 .I 
22.3 
21.1 
19.9 
18.9 
18 .o 
17.2 
16.5 
15.9 
15.3 
14.8 
14.4 
13.9 
13.5 
13.2 
12.9 
12.6 
12.3 
12 .0 

Ccbrc - 
feet - 

147.16 
99.45 
75.46 
61 .08 
31.54 
44.7.5 
33.68 
35.73 
32.62 
30.07 
27.04 
26.16 
24.63 
23.30 
22.15 
21.13 
20.23 
i9.42 
18.70 
18.05 
17.45 
16.91 
16.41 
17.96 
15.54 

10-FOOT LOG 

See footnotes at er,d of table. 





Table 2 .  --Voiumes of lumber  kerf, ana s l abs  and edgrng for  var ious log lengths a s  d e t e r m ~ n e d  
by the  Scr lbner  114-Inch Log I3u?e1 (contrnued) 

16-FOOT LOG 

Board C ~ h i c  Percent  C tb lc  Percent  Pe rcen t  - - - -  C u b : ~  - 
feet feet of total  feet - - - of total - feet" of total  feet 

7 

Kote: The percentages of total oolume for  the various components a t  each diameter  do not total 100 because 
a 3-inch t r i m  allowance was included on al l  log lengths when calculating slab-edging and kerf volumes but omitted when 
calculating board foot volumes. The la t ter  a lso deviate slightly, in some instances, f rom published values because some 
coefficients were  nct rounded a t  the same  points a s  i n  ihe original rule .  

'The component values can he caicu!ated for  any desired diameter  and log length. However, a s  log length in- 
c r eases ,  the percentage of log volunie going to s labs  increases .  

"rhen the s lab volume i s  converted to  chips by chipping head-rigs, these est imates  should be  increased by 
20 percent and the kerf es t imates  reduced by the calculated amounts. 

D ~ a m e r e r  
(laches) 

Slab - edglng Lumber Kerf 
Slab- edging!1,000 

1 board feex 



DISCCSSIOS 

Estllmates of s l abs ,  edging, and kerf  froLm t h e s e  p rocedures  m a y  
bc  questlorled because  the  log is t r e a t e d  a s  a f rus tum of a cone.  Admit-  
tedly,  log f o r m  is not s o  constant,  but t h i s  fact  h a s  not prevented u s e  of 
the board foot predic t ions  f r o m  log r u l e s  based on  t h i s  concept.  It m a y  
:ilso be  suggested that e s t i m a t e s  of s l a b s ,  edging, and kerf  f r o m  the  
niethods presented h e r e  will b e  inaccura te  when a combination of 1-inch 
boards and dimension m a t e r i a l  i s  sawn; htit, again,  the  s a m e  c a n  b e  s a i d  
f o r  the accepted log r u l e s ,  rihich es t imate  board  feet  only i n  t e r m s  of 
I - inch boards .  The  acceptableness  of lumber  e s t i m a t e s  based on log 
ri;ies should c a r r y  o v e r  to  the  e s t i m a t e s  of the  volumes of r e s i d u e s .  

An obrrious advarltage of these  extensions of the  International and 
Scr lbner  Log Rules  is that  the  equations fo r  predicting volume a r e  f lex- 
ible with r e g a r d  to  log t a p e r .  This  flexibility can  b e  pa r t i cu la r ly  ad- 
vantageous wit11 s p e c i e s  that  have excess ive  t a p e r  o r  with o lder  s t ands  
of many spec ies  where  t aper  is minimal  in  the  bot tom portion of the  
merchantable stern.  If so des i red ,  r u l e s  c a n  be  const ructed b y  log  
position in  the  t r e e .  The p r i m a r y  benefit f r o m  such a s c h e m e  with the  
International. Rule ivould b e  inc reased  precis ion in  es t imat ing board  foot 
volume; with the  Scr ibner  Rule,  m o r e  a c c u r a t e  e s t i m a t e s  of s l ab  and 
ker f  volumes would b e  obtained,  A s  a n  added feature ,  if t a p e r  c u r v e s  
a r e  available fo r  a species, '  then the  es t imated t a p e r  f r o m  t h e s e  c u r v e s  
can  be  used in  the  equations fo r  predicting the  volume of components.  
Volume tab les  could b e  const ructed on t h i s  b a s i s .  

Severa l  points about t h e s e  extensions  of the  tw-o log r u l e s  should b e  
emphasized: (A) The volumes of s l abs ,  edging, and kerf  a s  es t imated  by 
the  International Log Rule  should apply if the  logs  a r e  bucked into lengths  
that  e l iminate  r n o s t o f  the  sweep  and c rook  and a r e  careful ly  and prop- 
e r l y  sawn. (B) The volumes of s l a b s  and edging a s  es t imated  by  tile In- 
ternat ional  Rule w i l l  b e  "ce minimum t o  expect; l e s s  ca re fu l  sawing 
p rac t i ces  will  produce m o r e  res idue  volume. (C) These  techniques c a n  
b e  adapted to any degree  of t a p e r  with both r u l e s  and a l so  t o  varying kerf  
width with the  International Rule .  (D) If t a p e r  c u r v e s  a r e  available f o r  
a spec ies ,  both International and Scr ibner  Rules  fo r  esdimaeng volumes 
of board feet, s l a b s  and edgings, and kerf  can  b e  const ructed by indi- 
vidual log position in the  t r e e .  (33) Establ ishment  of t a p e r  c u r v e s  b y  
diameter-height  c l a s s e s  will  pe rmi t  const ruct ion of t ab les  express ing  
100 percent of the t r e e  volume in veneer  o r  board  feet ,  chip volume, 
kerf, and topw-ood (the merchantable  portion of a t r e e  remain ing  a f t e r  
r emova l  s f  a p r i m a r y  produet)), 

Wtqnzt-, Frar3k A. , Sl-t ;ride;, %.lee F. Taper cur iPes far planted slash n:ne. S m t "  
east. F J l .  Cxp. Stq., GSDA For. Srrv .  Res .  5ote  SE- 279 4 pp. 19'72. 



APPENDIX 

Equations ( l l ) ,  (12), (13), and (14) for estimating the component 
volumes for the International Log Rule a r e  obtained by adding volumes 
from an appropriate number (?f) of 4-foot bolts, plus a fraction of a bolt, 
with equations (5), (8), (9), and (10) used a s  the bolt volumes for the re-  
spective components. For each added bolt, the scaling diameter is in- 
creased by one unit of the taper (7). A general statement of the above 
summation procedure is a s  follows. Let a general expression for any 
component volume from a 4-foot-long bolt be 

Then the component volume for a L-foot-long log is 

where 

- 4Ti  = the fraction of a 4-foot bolt needed to complete the 
4 log length L, 

and 
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